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suT'::ary 

Wind-tunnel teats of a 0.175-8calc model of a midwing 
airplane i-ere made in order to determine its higii-speed longi^ 
tudinal characteri'^^tics , to test devices for improving the 
longitudinal control at iiigii L'ach numbers, and to determine 
the aileron effectiveness at high Mach numbers. 

The force and moment coefficients computed from the test 
data are presented in this report. The control forces, ele- 
vator angle, and aileron angle for several flight conditions 
are predicted. The r-aximum speed andi Ifoch number attained at 
several gliding angles are estimiatod. 

The data indicate that, with respect to elevator-angle 
variation with speed, the airplane will bccoric unstable at 
approximately 0.7 Hach nur:ber. Two devices for improving the 
longitudcinal control - a wing-profile mod.if ication and auxil- 
iary control flaps - increase the Mach numibcr at which this 
instability occurs. The former device increases it by as 
m.uch as 0.075 "nd th. latter by 0.05- However, because the 
effectiveness of the flaps decreases between O.75 and O^S 
iiach num.ber, their over-r-11 characteristics are less favorable 
than those of the -•;in.a--orof ile m.odcif ication. 



INTRODUCTION 

At the reouest of the Air I'lateriel Command, U.S. Arm.y 
Air Forces, tests of a 0.175-scalo model of a miidwing air- 
plane were conducted in the Ames l6-foot high-speed wind, 
tunnel. 
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T'lo purpose of those tests wr.s to dctGrrninc the effect of 
T.uir:ocv on the aerodynamic characteristics of the airplane 
to find rr.othods of increasing the lonritudlnal control a.t 
high Mach nui'ihcrs. The aerodynamic charcacteris tics invcsti- 
.artod wore the lift, drag, and pitching-moment coefficients; 
the effectiveness of the elevcator, the elevator tab, and the 
aileron; and the hinge-noment coefficients for the elevator 
and the aileron. Two methods to increase the longitudinal 
control at high Mach numbers were tested. They were auxil- 
iary control flaps, and a winr-profile modification designed 
to lower the criticr^l h'ach nura^cr of the inboard lox-.rcr 
SMrfr.co of the winr to th^t of the upper surface at 0.1 lift 
coefficient. 



DESCRIPTIC:-: 0? hODEL 

The 0,175-ecale model was supv-lied by the manufacturer. 
The steel wing, fuselage, and cm:.':ennage structures were 
Q-—"-?, --^4-- -^'^'any . The elevator and aileron were solid 
a . 11 fairing Tvas supplied for tail-off tests. 

The elevator hinge mom.ent was m.easured by an electric 
resistrnce strain gage mounted on a. cantilever arm. A sm.all 
electric motor and a slide-wire resistor coupled to the ele- 
vator miOchanism provided remote control and indication of the 
elevator angle. Measurement of tlie aileron hinge moment was 
by . - of a torsional strain grgo. It wrs necessary to set 
the aii-jron at the desired angle before each test. Both 
gages were calibrated, before testing, by applying imown 
moments to the control surfaces. 

Photographs of the model mounted in the l6-foot wind 
tunnel are^shown in figures 1 to 5, and a drawing of the model 
is shown in figure 6. 

The chord and span of the auxiliary control flaps (fig. 5) 
wore 1 inch and 12 inches (mioo.el scale), respectively. The 
hin;e line was at 62.5 percent of the wing chord between wing 
stations 20 inches and 52 inches from the center line. The 
flaps were tested at angles of SO^ and ^-i^^ . 

The wing-profile m.odif ication (subsequently called the 
win.:^ bump) ivS shown in figure 7. As the bump was only O.0650 
inch thick, it was made of baloawood, glued to the v/ing 
surface, and contoured from tem.plates furnished by the manu- 
facturer. 
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Model r.nd. ^^lrr)lr.no dirr. onsionvS used in this ro'oort r.rc as 
folloTvs: 



V^ing Kodcl Airplane 

Area, sauare foot l6.39 55'--. ^ 

Aspect ratio . , So 96 S,96 

Mean aerodynanlc chord, feet .... 1.^.-93 3.56 

Horizontal tail plane 

Area, sourre feet ^.2J 139.3 

Distrnce bcti/ccn acrodynarriic center 
of tail plane and normal airplane 

center of gravity ......... o.Ho 19.9 

Elevator 

Chord aft of hinge line, percent of 

total tail-plane chord 35.0 35*0 

Geometric overhang, percent ..... ^-0-5 ^5r.O 

Span, one clevrtor, feet 1.7o 10.17 

Root-meo,n~souare chord behind hinge 

line, feet ^ . Oc325 1.26 

Ratio of 8ticlc force to elevator 

hinre nor.ent, pounds per ''oound- 

f oot ~ 0o60 

Aileron 

Chord aft of hinge line, percent 

of total wing chord 22.0 22c 0 

G-eoLietric overhang, percent 1|3 

Span, one ailorcn,"' feet 2.025 11. 56 

Hoot-mean-sruo-re chord behind 

hinge line, feet 0.207 I*l3 

Ratio of wheel moment to riloron 

hinge moment . , O.II9 

Wheel diameter, inches 13 

General 

Normal gross weight, pounds .... 25,000 

Norm.al wing loading, pounds per 

square foot It-5 



Noriuri centcr-of-rrr^i^.vity ;;ositlon 



Eor 1 z on t rl , :o o r c cn t m c an 



Model 



r.oroclyn-.mic chord 

Vcrticrl, inches above fuselag-c 
reference line 



Airplane 



2[3 



7.00 



SYI-{BOLS 

The definitions of the sj^i.rools used in this report are as 
f cllowG : 



S 
b 

cr 



V 
a 



cr 



win !j; r e a , s e i;.ar e feet 
wing' Bpan, foot 

sp-^n of control surfrco foot 

root-rr.ean-souare chord behind hin^c line of control 
surf-^.ce X, feet 

anrle of attach of moc-el^ dcrcreos 

The angle is iT.casured relative to fusclarc 
reference line, 

an^le of control surface x, degrees 

The angle is considered positive v±Len trailing 
edge of surface is dovm. 

indicated noriiir.l acceleration, in units of gravi- 
tational acceleration 

velocity of airplane, miles per hour 

velocity of r-,irplanc, feet per second 

velcoity of sound in undisturbed air, feet per second 

Mach nu^ibcr (e/oJ 

critical Mach number 

The hach nunber at vhiich speed of sound is reached 
locally on the airplane. 
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P masa density of air^ slurs per cubic foot 

CI dynr.mic pressure (-^'pV^)^ pounds per snuare foot 

Cl lift coefficient (lift/oS) 

Cy, dra.^^ coefficient (drar/oS) 

^--c/4 pi tchinj-n'xoncjr.t coefficient a'oout 25 percent mean 

•^"oitchino: monentl 



p 



a er ody narni c chord 



00 



Ct rollinMonent coefficient /'^Qllin£ moment ^ 

" v qSb . y 

C'h-jr hinge-moirient coefficient of control surface x 

- - -t \ 

Po static pressure in undisturbed stream^ pounds per 

sciuare foot 



local static 2-^^-^sure^ jrounds ;:er sruare foot 



i:^ pressure coefficient/'-^ -^o 



critical pressure coefficient 

irressure coefficient which corresponds to the local 
speed of scunn 

PU pressure on upper surface of balance seal^ pound.s per 

souare foot 

Pt^ pressure on lover surface of balance seal, pounds per 

seuare foot 



At balance-pressure coefficient /" Pl PU 



) 



P rolling' velocity, radians per eocond 

pb/2V helix ?.r.::lo of the patli of the wlnrr tip in roll 



Subscripts 



G elevator 

t tab 

a aileron 



HEDUCTIO!^ OF Di^TA 
Corrcrtions 

The forces, reo:r-v..nt3 , ancl •-— ^urcs ;-;cre converted to 
coefficient form by use of the oions p^iven in the list of 

symbols. To t::; ^ e' coefficient s v/ore added the following 
corrections for tunnel-wall effects (reference 1): 

ACt) - O.QllbT Cl 
AC^ = 0,00:1^-6 Cl 

The tare corrections to the coefficients and the angle 
of attack were evaluated by mounting the model on wing-tip 
sup"oorts and calculating the differences between the aero- 
dynamic ch^rr.-ctoristics^obtainod from tests vrith the three 
vertical struts in place and with them removed. These differ- 
ences were measured at a constant lift coefficient. Two 
streamline tic rods (fig. ^!-) were attached to the model to 
reduce its deflection when wing tip supported. The data indi- 
cate, however, that these tie rods produced an interference 
dra^-, causing the tare-drag increase - normally associated 
with' the critical ::ach number of the struts - to occur at a 
CO- -^^ ^-^^ lower ::ach nu:::ber. The drag tares were there- 
fc- nod by addin^: to the drag of the struts alone a 

ccm:)0ncnt c^ used by the upflow anglo'^of the air. This method 
does not include the interference drag between the struts 
and the model. 
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Dyn:M;iic-?rcssurc cjic. Ilacli ITun'ber Gain3Pnticn 

The cnliuration usod lurinr' "lic tests :-:as obtained by 
D. pitot-tuto Gurvcy in a plane oGrpendiculai'' to the lon^:itu- 
clinal axis of the tunnel at a lonf;i tudinal position x-ihich 
coincided T-ith the l[3-perccnt point of the nean aerodynamic 
chord of the nodel -hen in tlic tunnel. As the vertical struts 
rere in the tunnel, this nothod of calibration corrects for 
the constricting effect of the supporting system. A 
calibration obtainec rith •;::o supporting struts rei^ioved from 
the tunnel vas used during those tare tests in -rhich the model 
T-ras support cl only at the "Ing tips. 



Elevat-;:r Control Forces 

Tho elevator stich fcrcos for rec tilineaj.'* flight ^.;ero 
computed in the following manlier: At a lift coefficient 
calculated from the selected \.ing loading, altitude, and Ilach 
nvmfoer, the elevator angle for balance uas determined from the 
data. Due to tl:c effects of the tunnel Trail and the support- 
ing struts, the an^lc of air flo^j at the tail of the model is 
different from, that at tlio tail of the airplane. In order to 
rectify this, a correction vjas made to the lift coefficient in 
such a manner that the angle of air flow at the tail of the 
model, at the corrected lift coefficient, would be the s:uue as 
that at the tail of the airplane, vhe change in dowm-rash with 
lift coefficient, needed to maiie this correction, Tras approx- 
imated fromi results in reference 2. The stich force x:as 
computed using the hinge--moment coefficient corresponding to 
the elevator angle and corrected lift coefficient. In com:- 
puting.the stich force for curved flight, o correction to the 
elevator angle " -^'^uso of the da::rping moment of the tail 
(reference 3) - ■ eorroction to the lift coefficient because 
of the change in the angle of flow at the tail were made. 

The stich force for elevator balance areas other thaai 
that area tested on the model -ras computed^ The balanced- 
pressure data ^-'ore used to calculate the increment of hinge- 
moment coefficient caused by the increase in the balance 
area and moment arm« 

Stich forces for configurations ether than the normal 
"^'ore calculated r.y adding to tliO [previously determined elevator 
angle an in^^- at to ' ' ace the pitching-moment changes due 
to the confl ... :ion c , . The hinge-moment coefficient 

corresponding to this corrected elevator angle was used. 



Gliding Velocity 



The velocity, I'ach nunbei^, and timo to descend in 
~ io:: tc t" \^lc of .glide rere coniputed by r. step-b:; 
L . ./ rrocoss ' the drag data. 



Aileron Wheel Forces 

Th.e v;hcel :^ " ' for aileron control x-ras calculated in 

t^' - follo7:ing : A relation between the v:ing-tip helix 

; !0b/2V and tl:.e r olling-nomcnt coefficient was found 

from cc'v * -.1 (3) and figure C of reference 4. The helix 
ansrle cc:.. ..vod in this i;:anner was reduced £0 percent as rcco:n- 
mcnded in reference 5. Uith this relation, the change in the 
anpue of attach of the viing ar. a function of rolling-moment 
coefficient i-'^.s determined. Corrections were applied to the 
angle of attach, at the selected flight condition, and ^ the 
corres-ponding rolling-moment coefficient be of tnis 

-_" -'^^ The hinge-moment c^;^ _-. iciont was 

_ zcL for the'corrocted angle of attach- 



RZ?:::LrS AND DISCUSSION 

The -.ir-)lane has an estimated center- of-gravity travel 
from 20 to e? icrccnt of the mean aerodynamic chord, and a 
wciaht vari-tion from 21,500 to 35,000 pounds. The data in 
this re-eort, in general, are shown for the center of gravity 
at 25 -percent of the mean aerodynamic chord and for a weight 
of 25,000 pounds. 

The /:^eometric overhang on the model elevator was 14-0,5 
percent of the elevator chord aft of the hinge line, while 
that reeuired by the airplane elevator is estimated by the 
i;.anufacturer to' be ^5 percent. Unless otherwise stated, uhe 
stich forces presented in this report are for a geometric 
ov.rhang of kh.^ percent. 

Z\ 'metric overhana^ for the aileron is -1-0 and 4-3 
i>erc:-t y- uhe aileron chord eft of the hinge line on the 
model and airplane, respectively. Uheel forces are snown for 
liO-percent overhang only* 
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Except T;jhen noted othervrise or irlien the control aii^le 
is one of the variables, the clatr. for the figures have iDeen 
obtained from tests of the i?.odel th th all controls set at 0^. 

Pit chi n g-IIon:e n t Char ac t e r i s t i c s 

Significance of M'^Clc- A relationship betT-^een 11^0^ and 

uing loading, normal acceleration, and altitude is shoun both 
graphically and algebraically in fifjure 2, The equation for 
L^Ct^ shoTfG it to bo independent of npced and to remain constant 
for any selected ving loading, normal acceleration, and 
altitude, assuming the air temperature does not change. (The 
velocity of sound a is a function of tem.perature only, ) 
Because of these facts, the quantity 11^0^ has been used as 
a parameter in presenting the pitching-moment coefficient as 
a function of Ilach number » 

In figure 9, the lift coefficient and lle.ch number arc 
shoun for constant h^CL values. In addition, the maaximuiu 
lift coefficient obtained from tests of the model vath the 
empennage off is shown, thus indicating the m.a::imumi value 
possible for the airplane. Tests to determine the majcimum; 
lift coefficient T--ere made i/ith the empennage on and off. 
HoT.^ever, because the pitching-morxont coefficients at the maxi- 
mum lift coefficients with the emiponnage off T^ere nearlj^ zero 
(fig, 10), thereby closely approximating baloJicc conditions^ 
these data "-ere used. 

Pitching-xmoment coefficient for cm.pennaF;e on and off >- The 
pitching-momont coefficients for the model with the empennage 
removed are shorn in figure IC, and ^^ith the emiDennage"" on, in 
figure 11. The effect of hach number on the stich-fixcd static 
longitudinal stability is presented in figure 12.. Figure 12(a) 
was obtained by cross-plotting the data in figure 11." The 
slopes of the curves in fi^parc 11, at the lift coefficient 
corresponding to the selected L'^Cl values, were plotted in 
figure 12(b). 

Figure 12(b) gives the usual derivative associated with 
static stability. It is seen that below an M^Cl of O.30, 
this derivative is alm^ost twice as large at 0.-2 liach number as 
at the lower I'iach numbers. This indicates a doubling of the 
stability. It must be remembered, however, that this derivative 
iras obtained by considering the Ilach nu::iber constant. 
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A str/oillty derivative in which the Mach number is held 
consu-^nt docs not completely represent flight conditions, for 
in flight a change of lift coefficient usually causes a 
chanp-e of speed and Kach number. Therefore, in presenting 
static stability characteristics, ""^^ -;ffect of Mach number 
as TCll as of lift, on the pitch!.. - :-ent coefficient should 
be included. This is especially true at high Hach numbers, 
for the pitching-moment coefficient is more affected by I-lach 
number than by lift variations. The combined effects of Hach 
num.ber and lift variations on the pitching-moment coefficient 
are indicated in f* • 12(a). A positive slope of the curves 
indicates thrt a cl ,. :ig moment results for an increase of 
llach nu:;her and corresponding decrease of lift coefficient. 
The climbing 'r - t tends to^'^incrcar^e the li:"t coefficient, 
decrease the \ . number, and return the {.irplane to its- 
original fl::;ht condition^ thus providing stick-fixed static 
longitudinal stability. Conversely, a negative slope indi- 
cates an unstr.ble condition. 

The slo;;es of the curves in figure 12(a) are related to 
the constant L'ach num.ber stability derivative (fig. 12(b)) by 
the folloxving ecur.tion, the derivation of x-rhich appears in 
the appendix: 

= ^^^m \ + Finp; loading ^ ^^^m \ 



Subsequent discussions of stability in this report will refer 
to the left-hand memiber of the eauation. 

It will be noticed that the derivative i-bC-J 6G]^)-^j^ §^ 

is the predomiinant factor influencing static stability at low 
Kach numbers because of the factor l/l'i^ in the last term. 
I-Jith increasing Mach num.ber its influence diminishes. This 
fact is shown b?' -mi^arison of ■ -s 12(a) and 12(b). At 

high hach number. ..._.n' (-dCm/oCL - -^-^ its greatest 
vo.lue, figure 12(a) indicates stich-fixed longitudinal insta- 
bility. The eouation also shovjs th-t an increase of v/ing 
loading or altitude increases the stability, assumdng other 
factors to remain constant. In addition, assuming the ele- 
vator effectiveness remains constant, (^'^vA/^-h-x^Oh ,5c 
closely related to the v-ri:-.tion of elevator angle with speed. 
This varlrtion is commonly used in the analysis of flight-test 
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rcGults as an indication of stick-fixed static strbility. 

The- data of figure 12(a) indicate instability above 0.7 
L'ach nur::ber betv/een O.025 and 0.10 II^Cl- These data are 
for the center of p-ravity at 25 percent of the moan aerody- 
namic chord. A rearward movement of the center of gravity^ 
by reducing:- (--60^/ 6CL)-r would increase the static insta- 
bility and reduce "the i"a6n'' number at which the airplane 
becomes unstable. 

Figure 12(b) shows that below O.7I1 Ilach number 
{-6CiTi/dCL):_-^5^ is positive for all cent er-of-^ravity positions 
back to J-l-0 i^ercent of the mean aerodynamic chord. Also 
figure 11 indicates that below O.7 Ilach number (6Gm/dLi}cL 6e 
is either positive or just slightly negative for lift coef- 
ficients below the stall. Static stability is therefore 
assured at the lov/er Kach num.bcrs ' even vilth the center of 
gravity at the estiraated farthest aft location. 

The pitching-mom.ent coefficient contributed by the hori-- 
zontal tail with the elevrtor fixed (fig. 13) undergoes a 
large decrease for constant lift coefficient at high Mach 
'numbers. This characteristic is the factor contributing most 
to static instability. It is caused by the increase in the 
angle of attack of the airplane necesv^ar^^ to maintain a 
constant lift coefficient at supercritical Mach n-umbers. 
This angle-of-attack increase reduces the download on the 
tail, and therefore the pitching-m.oment coefficient. (See 
reference 6 for a further analysis of high-speed longitudinal 
instability. ) 

The pitching- m.oment coefficient of the wing- fuselage 
combination increases v/ith 1-iach number above lift coef- 
ficients from 0.7 to 0.03 at O.65 and 0.75 h*ach number, 
respectively (fig. 10). This reduces the destabilizing 
effect of the horizontal tail. The pressure-distribution 
results indicate that the comxpression shock on the upper sur- 
face of the wing miO^'^es forward with increasing Ilach number 
and angle of attack, v/hich mo.y accourit for the increase of 
pitching m.oment. Also, the peak -pressure coefficient on the 
lov/or surface' decreases grcatl:; and moves from, the ho-percent- 
chord position at low h'ach n^ombers to at least the 60-percent- 
chord position at O.o L'ach num.ber. (f ressure-distribution 
measurements wore trken over only the forward 60 percent of 
the chord. ) 
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P 1 1 ohi n .^-n om c n t coefficient f r elevator , - The elevator 
of fcctivcnosG for the model (fiQ\ nJl-T^incr ca.sos slightly with 
Ilrch number vro to 0.775 ^^n^ I'^^Cl of zero, and up to 0.7 
at rn L'^Cl of 0.30. Below 0.7 Ilexh nur;.bcr, the effectiveness 
also increases slirhtlj^ with H Cl. The decrease in the 
effectiveness -^t high llach numbers ag>rravates the undesirable 
control characteristics caused by the decrease in the elevator- 
fixed pitchinp-moment coefficient (fi^:. 12(a)). 

The effect of the tab on the pitchin v:-momcnt coefficient 
is also shown in figure lU-. Being; cf such small magnitude, 
the Vc-,rir.tion with indiscernible. It must bo remem- 

bered that normally the tab will produce a pitching-m.oment 
coefficient in opposition to that of the elevator, thus 
reducing the elevator effectiveness shown. 

Fitchin^-moment coefficient duo to the x/lng: bump ,- The 
purpose of the wing bump is to increase the ilach number at 
which the airplane becomes longitudinally unstable (fig. 12(a)). 
A further purpose is to alleviate the decrease in the elevator- 
fixed pitching-moment coefficient at high Ilach numbers. This 
will reduce the upx-zard elevator angle and the pull on the 
stick rcauirod to m.alntain balance vrith increasing Hach number. 

The bump was designed to reduce the critical I-Iach num.ber 
on the inboard lower surface of the wing to that of the upper 
surface at a lift coefficient of 0.10.^ It was reasoned 
(reference 7) thr t the bump would decrease the effect of com.- 
pressibility on the lift of the center portion of the wing 
span and increase the downwash at the tail. This x-rould 
reduce the angle of attack of the tall and increase the 
pitching-momcnt coefficient at supercritical Ilach numbers. 
The m.axlmumi thickness of the bump was at the 50-percent-chord 
station. Reference 7 shows that a bump placed at this 
location had the greatest effect in relieving longitudinal- 
stability difficulties at high liach num.bers for a twin-boom 
lovj-xving m.odel. 

A comparison of the pitching-moment coefficients obtained 
from tests" of the model vilth and V7ithout the bump is shox-m in 
figure 15. The effect of the buro at and belox^ O.7 Mach 
number was negligible. Above 0.7 iicach number, however, the 
bump increased the loi tchinr^-m.oment coefficient. The bumip, 
therefore, increased ( dCmZ^l-OcL, 5e stability equation, 

and thus the stick-fixed static stability. Figure 15 shov/s 
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thr.t the bump makes the model stable for a Mach nvimbcr as 
much as 0,0/5 higher. The effect of the bump on the lift 
and pitching-moment coefficients vrith the tail off \ios negli- 
gible ^ 

For the bump tests, it v;ill be noticed that the data are 
com.parcd at an elevator anp'le of -1°. During the latter 
part of tno tests, considerable difficulty v/as encountered 
with the elevator control ncchanism. At the conclusion of 
the wing-bump test the elewator ansle was measured and found 
to bo -10. The possibility of the angle having changed 
during the test seems remote in light of the fact that at the 
lower i.acn numbers, the data compare so xfoll with those 
obtained for the normal conf iecuration at an elevator ancle 
of -10„ 



The pressure distribution at wlno- station 12 with and 
vrithout the biimp is shown in figure iS. ¥ith the bumiiD, the 
critical i-iach numiber of the lower surface is approximately 
0.b5, while that of the upper surface is approximately 0.6^. 
Reducing the size of the bum.p to meet the original specifi- 
cations would probably reduce the beneficial effects. The 
brolcen lines in the pressure-distribution diaa;ro.ms indicate 
the approximate position of the compression shock. The exact 
position is not known, due to the small nur.ber of pressure 
orifices. The critical Ilach numbers of the x^inf? at those 
stations are shovm in figure 17 . 

Pitching-momont coefficient due to auxiliary control 
flaps.- Because of the largo decreases in the pitching-momcnt 
coefficient at high Mach numbers with the elevator fixed the 
upv/ard elevator angle reouired to balance the airiDlnne mny 
become very large and the pull on the stick excessive. The 
use of auxiliary control flaps is a proven method of reducing 
tno elevator angle and the stick force on several hirh-speed 
airplanes. (See reference 7 for ^Derformanco of auxiliary 
control flaps on another airplane model.) Auxiliary control 
flaps, therefore, were tested on the model. 

The increments of pitching-moment coefficient due to the 
net effect of the auxiliary control flans, and to their 
separate effects on the tail plane and on the win?, are shoxm 
in figure lo. The g-reater part of the increase of nitchins"- 
moment coefficient is due to the decrease in anele of attack 
to maintain a constant lift coefficient after deflecting the 
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flaios. A small part is due to the increase in the downwash 
from the inooard^ winp; section caused by the flaps. The effect 
of the flaDs on the ving" is to decrease the pitching moment in 
practically all cases shown. This effect is probably due to 
the rearv/ard location of the flaps on the winrr^ this position 
on the airijlane being dictated only by structural reasons. 
A com/oarison of fi£:ures 12 and 19 indicates that deflecting 
the auxiliary control flaps will keep the airplane statically 
stable for 0.05 ilach number higher between 0 and Ocl5 ^h- 
In addition, the net effect of the flaps is to increase the 
pitchin^r-moment coefficient throughout the Mach number range 
(fie-. 1§). This characteristic reduces the upward elevator 
aneie reouired for balance. The data, however, show that in 
most cases this desirable effect of the flaps is diminishing 
between 0.75 and Co h'ach number. It is possible that this 
trend may continue and the flaps may be useless or detrimental 
at somewhat hicrher Mach numbers. Because of their decreasing 
effectiveness at high Mach num.bers, the flaps are perhaps a 
less desirable means of relieving the longitudinal-control 
difficulties of the airplane than is the wing bump. 



Elevator Hinge-Moment Coefficient 

Elevator hin^e-moment coefficient with 0^ tab e.nr.lc - 
The elevator hinge-moment coefficient as a function of ele- 
vator anp:le, Mach number, and M^Cl is shovjn in figure 20. 
The r.resentation of these data is in "carpet" form. The axes 
of the curves showing the data at a constant Mach number are 
stag'T^ered loro-oortional to their respective Mach nur^bers. 
Dashed lines are drawn to connect the hinge-moment coef- 
ficients for constant elevator angles. 

Equation (2) of the appendix shows that the quantity 
(d5e/c3-l-OM^CL,Che=0 be" negative in order for the stick- 

free stability to be greater than the stick-fixed. This 
ouantity is nepiative at the hirch Mach numbers, as indicated 
by the normative slopes of the curves for constant elevator 
an^le (fi.^\ 20). This negative quantity also indicates that 
stick-free stability will be maintained to a higher Mach 
number than stick-fixed stability. 

Tab effectiveness .- The effectiveness of the tab in 
chanrin^- the elevator hin-?^e moment is shown in figure 21. 
The effectiveness increases slightly with elevator angle from 
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-5^ to 5^ and, in gcnorp.l, dccroancs slightly with Kach 
number. These variations in the effectiveness, however, are 
so small as to be unimportant. The predicted control forces, 
discussed in a later section, indicate that the tab is suf- 
ficiently effective to trin: the airplane up to at least O.o 
Mach number, the limit of the tests. 

Ele\^ator balance pressure .- The coefficients of the 
pressures acting on the balance seal e.re shov/n in fig"ure 22. 
A leak at the inboard end of the seal on the left half of the 
elevator, discovered at the conclusion of the tests, caused 
the absolute magnitude of the pressure coefficient at negative 
elevator angles^to be less at the inboard station* This leak 
vjill tend to cause the calculated stick forces to bo larger 
than experienced by the airplane. However, it should have no 
effect on the pitchin.^^-momont coefficient, and little effect 
on the speed at which^the stick-force variation becomes 
unstable.. 



Elevator Angle and Stick Force 

Elevator an^^^le and stick force as a function of velocity . - 
The elevator angle and computed stick force are shovm as a 
function of velocity for several wing loadings and centcr-of- 
gravity positions in figure 23. The^^effect of the bump on 
the control force and angle is shown in figure 2k-, and the 
effect of the auxiliary control flaps is shown in figure 25. 
The data are shown for sea-levol and 20,000 feet altitudes. 
Conclusions vxith respect to stability characteristics similar 
to these m.ade in discussing the pitching-moment coefficients 
can be derived from these data. (The Increases in the ele- 
va.tor angle and in the push recuired on the stick with 
increasing speed indicate stick-fixed and stick-free stability, 
respectively. ) Figure 23 shoTJS that an increase in wing 
loa.ding or a forward m.ovemient of the center of grr^vity 
increases both the stick-fixed and stick-free stability. The 
results indicate that the airplane will become unstable, 
stick fixed, above ap-:)roxim-ately 530 m^iles per hour at sea 
level and k-aO miles per hour at^20,000 feet altitude (approx. 
0.7 Kach number in both cases). The predicted effect of the 
bump (fig. 2^-) is to m:aintain stick-fixed stability through- 
out the s-peed rrnp:e of the tests at seo- level and up to 530 
miles per' hour at"^20,000 feet altitude. A deflection of the 
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flB-Vs gives a larre increase in the elevator angle and in the 
push reauired on the stick at all speeds (fig. 25), The data 
indicate that the airplane will remain stable, stick fixed, 
to a higher speed with the flaps der'^lected than with the 
flaps up. 

Figures 2o and 27 show the effect of tab angle on the 
stick force for the normal and the wing-bump configurations. 
These data indicate that the tab is capable of trimming the 
airplane up to speeds corresponding to O.S Mach number, the 
limit of the tests (a^pprox. 61O mph at sea level and 570 mph 
at 20,000 ft altitude )~ The data c?lso indicate that stick- 
free instability will occur at approximately 570 miles per 
hour at sea level and 530 miles per hour at 20,000 feet 
altitude-. 

S tick-for ce o:rad ient > - The stick- force gradient as a 
function of iTeometric overhang is sliox-rn for the normal center- 
of'--;ravity location in figure"'2g. The gradient is higher 
than that recom.r ended in reference o for a limit load factor 
of K (33 lb per g) even x-.rith a geometric overhang of l-i-5 
percent. However^ with the center of gravity at__its farthest 
aft position and for a geometric overhang of 4-0.1:) percent, 
the gradient is very small except at the^ highest speed 
(fiaC 29). It is possible that if the elevator seal had not 
leaked, the predicted stick-force gradient, although- perhaps 
satisfactory"*" for the normal location of the center of gravity, 
mi^ht have indicated overbalance at the furthest aft position. 



Lift and Drag Gharpcteristics 

Lift coefficient .- The lift-co efficient data are pre- 
sented as a carpet olot in figure 30. The data show that the 
lift coefficient at" constant angle -f attack decre^^ises above 
about 0,69 Mach number for level-flight conditions (lift 
coefficients ud to approximately 0.5 at O.69 Mach nuriber ) . 
This Hach number is b.05 hie^'her thrn the critical Kach nur.ber 
of the winder (fig. I7). The^large decrease in dCj^/da at 
supercritical Mach n^ombers is one factor causing the increase 
in'an^zle of attack with Mach number necessary to maintain a 
constant lift coefficient. Another factor is the increase in 
the an^le of zero lift indicated in the figure. These 
factors are largely responsible for the decrease in pitching- 
r • t coefficient. 
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Drrc coefficient ,- The cTrr.r: cc^ efficient for the conplete 
::.oclel is presented ns a function of lift coefficient in 
fig-are 3I; ^'^-^"^ function of Ilach number in fi£;ure 32. The 

incrc-?.se of C^r.^; coefficient ^.rith Ilr.ch nur.:ber for the lo^.jer 
lift coefficients begins r.t 0.6 llc.cli nu:::ber, ThxC drag 
coefficient at the loT-jer lift coefficients is approicinately 
55 percent rrer.tcr at O.7?- (the airplane is placarded at 0,72 
Ilach nui^ber) than at the lo^-jer Ilach nu:::bers, 

The drag coefficient for the ving alone (fig. 33) ^^^^ 
obtained from tests of the vring --ith a thin sting replacing 
the fuselage. A comparison of figuji'es 32 r.nd 33 shoTfs th.e 
drag coefficient of the x^ing (including the sting) to be about 
55 percent of the total drag at the Iot-t Ilach numbers duC, 
approximately/- 70 percent at Oo72 h,ach num.ber. 

The increm.ents of drag coefficient for th.c com.ponent 
parts of the model are sho^m in figure 3^, The data indicate 
tliat the fuselage drag decreases at th.e higji Ilach num.bers. 
This is probably due to the fact that the drag of that part of 
the vring covered by the fuselage \:d,s elim.inated -^.rhen the- 
fuselage x-as in place. No consistent drag coefficient uas 
obtained for the xring: bumip belovr 0,65 Ilach number. The drag 
coefficient obtained xras of such a smiall magnitude that it 
T:as assumed to be zero. 

The increment of drag coefficient due to the auxiliary 
control flaps is shoTrn in figure 35. The increment from, the 
30 flaps is approxim.ately the same as for tlie fuselage and 
about one-half th.e increm.ent fror: the flaps. The general 
tendency is for the increment of drag coefficient from^ the 
flaps to decrease at high I-ach numibers. This m.ay be due to 
the following factors: 

1. A reduction in th.e over- all drag caused by th^e angle- 

of-attach decrease necessary in miaintaining a 
constant lift coefficient after deflecting the 
flnps. 

2. An increase in the critical hrch number of the loi/er 

surface of the Tring because of the increase in 
the peah pressure caused by the flaps. 

3. The separation of the floT; over the >.ring (pr?j?tly 

responsible for the drag incremicnt of the flaps 
at lou h'ach nur.bers) at supercritical liach 
num.bers even in the absence of the flr-os. 
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C^l i cllngr vGloclty ,- The velocity, time to descend, and 
the Iiach number for the airplane at several glide angles 
(fir* 3d) have been computed for zero propeller thrust. How- 
ever, the difference due to the propeller at the larger glide 
angles should be sm.all because the propeller efficiency 
becomes sm.aller at high ilach numbers, and the thrust is smxall 
comipared with the weight component in the thrust direction. 
For examxple, for an airplane v/eight of 25,000 pounds, the 
thrust at normal rated power would be only 1^- percent of the 
weiCTt component in a 20^ glide (assuming a propulsive 
efficiency of oO percent at 0.7 Mach number and 10,000 ft 
altitude). 

The naximumi velocity and i-Iach number predicted for the 
several gliding angles in figiare 36, together vrith those from 
similar data for other configurations^ are shown in figures 
37 and 3g. The altitudes at'^which the maximum velocity and 
Mach number are reached are also shown. These figures show 
that the flaps could be used as dive braises in addition to 
their function of increasing the lift coefficient at balance. 
ThT- 30^ and flaps reduce the maximum predicted velocity 

by 20 and U-0 miles per hour, respectivelv. The maximum Hach 
number is reduced by 0.0?5 and O.O^--^, Comparing airplane 
VTOin-hts of 25,000 a.nd 35,000 pounds, the maximum velocity 
for^''the heavier load is between 20 and 30 miles per hour 
higher, and the m.aximumi Mach number betwer^n 0.025 ^'.nd 
0.030 larger (depending on the gliding angle). The data 
indicate that the bump has no effect on the maximujTi velocity 
or Mach number except at the higher gliding angles. 



Aileron Characteristics 

Rollin-^-m.oment and hin^-e-moment coefficient s.- The 
aileron rollin^::^-momont and hinge-momiCnt coefficients are 
shown in figure 39. The data show that the aileron effec- 
tiveness (6Cl/d5a) decreases at the larger aileron angles. 
The negative rollin- -moment coefficient is slightly smaller 
than that shown by other data for approximately the same size 
aileron (reference 9). This may be due to the low-drag wing 
section used on the airplane. 

An^^le and v:hecl force .- The aileron angle and wheel 
forces as functions of pb/2V, the helix angle of the path of 
the vjing tip, are shovrn in figure i+0. The data show that the 
increase in pb/2V with aileron an?^le is smaller at the 
higher angles. The data also indicate that the aileron v/as 
not powerful enough at the maximum angle tested, as the Arm^y 
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Air Forces specifications (reference g) require a pb/2V 
of c.t ler.su 0,07. It is possible, hoTjever, that decre.'^.slng 
rfo/ZSf by 20 percent (see Reduction of Data) ^ras too 
conservative, and that the aileron is slightly nore powerful 
than indicated. 

The predicted T/heel force is excessive at sea level. 
(Reference g specifies SO lb as the naxinux: wheel force for 
a pb/2V equal to O.O7,) Althou:::h the force should be. 
snaller on the airplane due to the larger balance area, it 
nay still be greater than the desired liuit. This large 
'•^heel force, together 'ath the decreasing effectiveness of 
the aileron at laru'e angles, restricts the use of larger 
control-surface deflections necessary to obtain the required 
pb/2V. 



COKCLUJI::G^ REIIARKS 

The more inpcrtant predictions and conclusions nade frci:] 
the analysis of the d:^.ta from the tests of a r.id-.ang airplane 
i-iodel are as follows: 

fixed above C.7 
at 20,000 ft 



2. A T'ing-prcf ile :::Gdification (called a i/ing bunp) on 
the loT-Tcr surface uaintrlns stich-fixed stability to a liach 
nunber as :.;uch as O.O75 higher. BoIott 0.7 liach nuiiiber the 
Tfing buup had no noticeable effect on the aerodynrnic olwx- 
acteristics of the :".:odel. 

3* Auxiliary control flaps increase the ilach nuiiber at 
•^.uiich stich-fixed instability occurs by approxinately O.O^^ 
KoTrever, the effectiveness of the flaps decreases botTreen O.75 
and G.oO I'lach nu:.:ber. They are therefore a less desirable 
r.eans of improving the longitudinal control at high hach 
nur.bers thaJi the ^r^lnc: buir^T 

^, The data indicate tliat the tab Trill trin the airplane 
up to speeds corresponding to 0«o Ilach nui::bcr, the linit of th 
tests (ap-orox. 61O riph at^sea level and 57O nrDh at 20,000 ft 
altitude;. 



1. The airplane "^-rill be unstable stich 
Ilach nui:.ber (53O nph at sea level to ^50 :::ph 
altitude). 
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5. Sticli-frec str.ljllitj is :::-intr.lncd tc o. hij^dicr spccu 
then suiclr-ilxeC 3u:.bllit;y^ 

6. The C.o.to. Indicate that the aileron is not as cffocti' 
as desiraclo, and that the -Theel force is higher than 
rocorinencued by U.S. Am:' specif icaticns. 



Ar.os Aeronautical Lrboratory, 

National Advisory Coniuittec for Aeronautics, 
hoffett Field, Calif. , 
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APPENDIX 

St:.ck-?ixed Stability Considering Mach Number 
in Addition to Lift Coefficient 

The general relation for the pitching-moment coefficient 
Cm = f (Cl) + f (Se) + f(M) 



'^e,-- ^L,-- CL,oe 



The subscripts to each derivative indicate the variables 
which are held constant. 

For stich-fixed stabllit.y 

doe = 0 

For an airplr^ne in steady flight at a constant a.ltitude 
and wing loading, and with the temperature remaining constant, 



theref 0] 



K^Cl = ^-- ^ loading ^ constant 
ip a^ 



J4-(winp: loadin-) 
dCL = - ^ dM 

p. o ^ ■ " 3 



and 
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(1) 



S bicL:-r ree Stability Consiuoriii^j Ildch I'milDer 
in Au-'ition to Lift Coefficient 

Fror.i the origin::.! rclr.tionsiiip 



^ Kobe-' r 



dix 



The . -^z.l::.tlon bot-^TOcn Ifech nu^aber aiiel lift coeffi- 
cient Trill hold as boforo, but for ^^tich-frcc stability Ci^q 
Tfill not equal zero. Horcvcr^ ^""^hQ ■'"'il^- equal sero. 
Therefore 



1 f 



+ 



■.611 



•) 1 



=0 



or 



i 



(2) 
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Figure 2»- The 0«176-aoale model of the airplane with the 
empennage removed* 



Figure 4»- The 0.175-soale model of the airplane mounted on the 
tip supports and three struts • 





Figure 5.- The 45^ auxiliary control flaps on the 0.175*«oale 
model of the airplane. 
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^fGURE lO.-l^HE VARtATfON OF THE PITCHING" 
MOMENT COEFFICIENT WITH LIFT COEFFICIENT' 
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^iGURE //.- The variation j-he pitch ing- 
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F'lGURE /2- The e/^fect or A/fAcn number 

ON THE STICK-FIXED STABIUTT CHARACTERISTICS OF 
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Figure /5.- The effect- of the wing bump 
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Figure 23- The stick force and elevator 
angle in relation to the velocity for the 
airplane, 
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(6) 20^000 -FT. ALTiTUOE 

Figure Z3r(coNCLUDED) The stick roRCE and 

ELEVATOR ANGLE IN RELATION TO THE VELOCITY 
FOR y^HE AIRPLANE. 
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Figure 24.- The effect 
bump on the sttck force 
angle for the airpl^ane, 
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(b) ZO, OOO -FT ALTITUDE 

F'/6UR£ 24,- (conclude: d) ~^he ErrecT of the 

WfNG BUMP ON THE 3T/CK FORCE AND ELEV'ATOR 
ANGLE FOR -THE Ai^FLANE . 




(a.) S^A L£\/EL 

Figure 25.- The effect of auxiliary control 
flaps on the st/ca< force and elevator angle 
for the airplane, 




AuxiLIAR-f COA^r^OL f^LAf^S UP 



3Q° AU^iLIAPfy CONTROL /^LAPS 

-^S' AUXILIARY CO/S/-r/=fOL rCAP5 




(/b) 20,000 FT. ALTtTUOE 

F/GURE 2 5.- {concluded) The effect or 

AUXILIARY COMTROL /='LAF>S ON THE STICK 
rORCE AND ELEVATO/c' A^GLE FOR THE AIRPLANE 



S.OO 




(cl) ssa level 
Figure BS.-the st/ck foj^ce for several 
tab angles /n relat/oaj to the veloc/ty 

roR THE AIRPL.ANE, 
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(t>) 2O,000-F-r ALT/TUDB 
f/6URE 2S.- (CO/^CLUDBD) TH E STf CK rOf^CE 
FO/^ ^EVE/eAL TAe ANGLES /A/ f^ELATIOt^ TO THE 
VELOC/Ty f^OR 7-HE Alf^PLANE. 
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ALTITUDE 



/ TRIMMED AT 

HIC^H - SPE-ED 
LCVE-L FL/&H-T; 
MORMAL POWER 



TAB ANGLE 5 FOR THE A/ R PLANE IA//TH THE 
\A//A/G BUMP. 
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f/&Uf^E ErrecT OF THE ELEVATOR' 

OEOMETf^lC OVEf^HANG OA/ THE ^/CK-EOf^CE 6/eAD/ENT 
FO/^ THE A//?f='LANE. 
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Hgure: 23- The er^recT or the csnter-of- 

ORAV/TY LOCATION ON THE ST/cK-FORCe GRADIENT 
FOR THE A/RFLANE. 
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Figure' 30,-The lift coErrr/c/e/MT for 
THE Mooeu 
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F/GURE 5L-THE -DJeAG COerffCIENT AS A 
F'U/</C7~ION 0/=" LIPT COSF/=/C/ENT FOR THE 




FfGURE 32- The drag COEFF/aENT /N RE- 
LATION TO MacH a/ UMBER" FOR THE COMPLETE 
MODEL. 




r/GuRE 33— The drag coeeeic/ent in re- 
lation TO MACH number EOR the W/N6 Or 
THE MODEL. 
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FiGU/?E 34.- The JNCREME^JT or DRAG coerncteNT 

TO COMf>OAJBNT PARTS OF T^E MODEL. 
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COEmc/ENT DUE TO AUX/UARY CONTROL f^LARS 
<7A/ THE MODEL. 
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3^ no /6 s 

Altitude - thousands op- fet^t 



SETA 
LE\yEL, 



f^^Gu^E 36- The vELoc/-rr, Mach number, and t/me to descend 

rOR THE A//P/=^LAA/E GL/O/NG. Z ERO PROPELt^ER THRU:^T. 
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F'/GURE 37-The /s/7AXfMUM VELOCfT-y OBTAINED 
Br THE AIRPLANE /A/ RELAT/ON TO THE ANGLE 

Of- GLiDE. Zero propeller t^hrust. 
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AT ALT /TUDS /A/0/CAT£rO O CURVES 



/O** JS* zo* 

A/s/QtLB: of- G-LiOE 



30' 



f^/6Uf^E 3 6 -The ^^ax/mum Mach number 

OBTAINED BY THE Aff^f^LANE tN f^ELAT/ON TO 
THE ANGLE or OUOE. ZERO PRORELLER T'HRUIST. 
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Figure 39.-The effect or Mach number 

ON THE AILERON HINGE- MOMENT AND ROLLING' 
MOMENT COEFFICIENTS FOR THE MODEL. LefT 
AILERON ONLY. 





(qi sS£-A LEVEL 

Figure 40.- The AiLEseoN control character- 

/ST/CS 0/=- THe A/Rf='LAhJe. 




{b) 2tOtOOO'FT ALTITUDE 

FieuRE 40.- {concluded) The A/le/^on con- 
trol CHARACTERIST/CS O^ THE A/RRLANE. 



